The right femoral vein was entered percutaneously and a sheath inserted. A cannula was inserted into the right femoral artery to monitor continuously the systemic arterial pressure. In one patient access was via a right brachial cutdown and in another via a left fermoral percutaneous puncture. Full diagnostic catheterisation was performed to confirm the diagnosis and exclude any additional malformations. Only patients with a right ventricular systolic pressure greater than 50 mm Hg at rest were considered for valvuloplasty. Right ventricular cineangiography was performed in the anterior-posterior and lateral projections. The diagnosis of pulmonary valve stenosis was confirmed and the size of the pulmonary valve annulus measured. The external diameter of the catheter was used as a reference length to correct for magnification. The position of the pulmonary valve in relation to the spine in the anterior-posterior projection was noted.
Percutaneous pulmonary valvuloplasty should be the initial treatment for congenital pulmonary valve stenosis, although when the valve is dysplastic the result is less likely to be satisfactory.
Much experience has been gained in the use of percutaneous balloon angioplasty for acquired peripheral vascular disease and also coronary artery disease. [1] [2] [3] In addition, the technique has recently been used to treat various congenital lesions including valvar pulmonary stenosis,4-6 valvar aortic stenosis,7 coarctation,8 postoperative recoarctation,9 and peripheral pulmonary artery stenosis. 10 Here we report our experience with the technique in 27 patients with congenital pulmonary valve stenosis.
Patients and methods
Percutaneous balloon valvuloplasty was attempted in 27 patients with congenital pulmonary valve stenosis aged 6 days to 20 years (mean 5*9 years). One Optimally, an end-hole catheter was manipulated into the left pulmonary artery, and through it a 0-89 mm (0.035 inch) exchange guide wire was advanced into the left lower lobe pulmonary artery. In three patients the guide wire could be anchored securely only in the right lower lobe pulmonary artery. The catheter was withdrawn, care being taken to maintain the position of the guide wire so that its tip remained well out in the pulmonary artery. The catheter and sheath were removed. A dilator equal to the external diameter of the uninflated balloon catheter was used to dilate the entry site. Once the balloon catheter had been tested and the balloon purged of air the balloon was deflated and inserted over the guide wire. For the smaller balloon sizes a sheath was used.
The balloon catheter was advanced until the estimated position of the pulmonary valve was at the centre of the balloon. The guide wire was left in place during the dilatation procedure. The balloon was then inflated to its maximum pressure with diluted contrast medium. In most cases an indentation at the site of the pulmonary valve was seen as the balloon was inflated. This was abolished as full inflation was achieved ( Figure) . The balloon was then rapidly deflated. The inflation-deflation cycle took 15 to 25 521 seconds. Before subsequent dilatations the position of the balloon was slightly adjusted if necessary. Between one and eight dilatations were performed in each case.
Suction was maintained on the balloon catheter as it was withdrawn through the skin at the groin. An end-hole catheter was then reinserted over the guide wire into the left pulmonary artery. The pulmonary artery and right ventricular pressures on withdrawal were recorded.
Clinical follow up took place one to six months after the procedure. Equilibrium gated radionuclide angiography was performed after the procedure in 10 patients. One highly significant fall (t=5.89, p<0O001) .
In most patients the systemic blood pressure fell during the time the balloon was inflated. In one (case 2) there was no fall in the systolic blood pressure, even though a good result was achieved. The blood pressure rose again spontaneously in every case as the balloon was deflated. The longest period of hypotension was 50 seconds (case 12).
In 12 patients bradycardia developed during the balloon dilatation. This also was self limiting. One patient (case 13) developed complete heart block during the first dilatation with a ventricular rate of 40 beats/minute. This reverted spontaneously to normal conduction after 120 seconds. In this case the patient had a dysplastic valve; further dilatations were not attempted.
Two of the older patients who were not fully sedated during the procedure lost conciousness when the balloon was inflated, and one 3 year old patient (case 23) had a convulsion that stopped when the bal- No patient showed any neurological sequelae after pulmonary balloon valvuloplasty. Local complicatiohs at the puncture site did not develop in any patient. All patients were discharged from hospital within four days except one infant, in whom the procedure had failed, who underwent surgical valvotomy.
On clinical follow up the quality of the murmur was, judged to have changed in most of the successful cases. Clinical evidence of pulmonary incompetence was not found in any patient. Analysis of the equilibrium gated radionucide angiograms showed that the mean (SD) radionuclide ratio of left ventricular to right ventricular stroke counts was 1-2 (0.2). A ratio of less than 0 7 indicates right ventricular volume overload. " I No patient fell into that category.
Follow up studies showed that in the four patients judged to have a good immediate result the fall in right ventricular pressure was maintained. In two other patients, who had poor immediate results, there was no late fall in right ventricular pressure (Table 2) . 
Discussion
The results presented here together with previous published reports of percutaneous balloon pulmonary valvuloplasty4 6 12 indicate that it can be an effective short term treatment for most patients with congenital pulmonary valve stenosis, including the newborn. No major complications of the technique have been reported, and in most cases the right ventricular pressure has fallen sufficiently after the procedure to preclude the need for further treatment. There is no clinical evidence that pulmonary regurgitation is caused by the procedure, and in our patients radionuclide studies did not show evidence of right ventricular volume overload. These results compare favourably with those from open pulmonary valvotomy, where the postoperative right ventricular pressure is often 40 mm Hg or more and pulmonary incompetence often occurs. 13 It is not certain as yet how the valves subjected to balloon valvuloplasty are torn. In one case treated 523 under direct vision in our unit during surgery the valve was split along a fused commissure, but Lababidi and Wu have reported a case in which a bicupsid valve was torn into the cusp tissue itself.5
The physical principles of the dilatation of stenoses with balloons indicate that to apply the maximum dilating force to the stenotic lesion the biggest balloon feasible should be used.14 This consideration led us to prefer a balloon equal to or slightly larger than the pulmonary valve annulus for the patients treated later in our series. Though we used balloons with both high and low maximum inflation pressures, our data are insufficient to judge whether better results are obtained with the high inflation pressure balloon.
Generally the best results in our series of patients were seen in those with the highest initial right ventricular pressure. In those with lower pressures the results were not so dramatic, and follow up studies will be essential in judging the success of the technique. Of the six patients restudied, the four who had had a good immediate result had maintained the lower right ventricular pressure. There was no late fall in the two others, in whom the initial result was unsatisfactory.
Results were unsatisfactory in five of our patients. In three the valve was dysplastic. Such valves may not be amenable to this form of treatment.4 Indeed, we have not seen a successful outcome in any patient who appeared to have a dysplastic valve on cineangiography. In one of these three there was, in addition, a subvalvar obstruction, which despite being entirely muscular did not regress after the valvuloplasty. Two of these patients with dysplastic valves subsequently underwent surgery. Although the valve cusps in these patients were found to be thick and immobile, they were not fused. It is therefore not suprising that the balloon dilatation did not improve their function.
In the two other patients in whom treatment was unsatisfactory we believe that the balloon used may have been too small. In one we had for technical reasons to rely on an echocardiographic measurement of the size of the pulmonary valve annulus. In our experience this has been less satisfactory than an angiographic measurement. In the other (case 4), treated early in the series, we used a 10 mm balloon for a measured 12 mm pulmonary valve annulus. We would now consider a balloon of at least 12 mm essential. Similarly, in case 5 the first dilatation with a 10 mm balloon was unsuccessful, while a subsequent dilatation with a 12 mm balloon produced an appreciable fall in right ventricular pressure.
Two of our patients lost consciousness during the procedure, and one had convulsions. To protect patients from a potentially unpleasant experience we recommend that they are all effectively anaesthetised before balloon dilatation is attempted. We have gen-Tynan, Baker, Rohmer, Jones, Reidy, J7oseph, Ottenkamp erally used ketamine anaesthesia. We would also recommend that each patient is given oxygen to breathe by face mask and that a prophylactic dose of atropine is administered before the dilatation is begun.
Experience to date indicates that percutaneous balloon valvuloplasty is safe, effective, and can be performed at any age. The limiting factor is judgment of the balloon size to be used. We believe that our recent, more aggressive approach is achieving better results. Although hard and fast indications have not yet been established, it is currently our treatment of choice for congenital pulmonary valve stenosis. When the valve is dysplastic the procedure is not as successful, but at present we would still recommend that balloon valvuloplasty should be the initial choice of
